INTRODUCTION
There are numerous hoisting installations operated in Polish mines that are equipped with winding gear incorporating drumtype Koepe pulleys with two peripheral rings reinforcing the mantle (Fig 1) . This type of drums reveal numerous fatigue cracks and periodic repairs do not eliminate the cause of crack- MECHANICS AND CONTROL Vol. 31 No. 4 2012 http://dx.doi.org/10.7494/mech.2012 Crack types detected on drums: P 1 (P 1S ) -cracking of the mantle material (butt weld) in the direction of the generating line, P 2 (P 2S ) -peripheral cracking of the mantle material (butt weld), P 3 (P 3S ) -transverse cracking of the mantle material (butt weld), P 4S -peripheral cracking of fillet weld connecting the web of the peripheral rib with the mantle, P 5 (P 5S ) -cracking of the shelf (butt weld) of the peripheral rib, P 6 (P 6S ) -radial or skewed cracking of the web (butt weld of the web or the fillet weld of the web bit) of the peripheral ribs, P 7 -skewed cracking of a transverse reinforcing rib, P 8 (P 8S ) -radial cracking of the transverse rib (butt weld of the transverse rib), P 9S -cracking of a fillet weld connecting the transverse ribs with the web of the peripheral rib, P 10S -cracking of a fillet weld connecting the transverse ribs with the mantle The quick rate of fatigue crack emergence and propagation and hence the necessity of frequent repairs of Koepe pulleys is responsible for poor safety features and inferior performance of the winding gear.
Fig. 2. Intensity of fatigue cracking revealed by fault detection tests of the drum
Those considerations have prompted the Authors' attempts to evaluate the working order of the drums in the Koepe pulley structure, taking into account the fatigue wearing. The dynamic analysis of structural components of the hoisting installation is supported by the fatigue endurance analysis of the Koepe pulley, veri ed by strain (stress) measurements taken on a real object under the typical operating conditions in a colliery in Poland.
DYNAMIC LOAD ACTING ON A KOEPE PULLEY UNDER THE TYPICAL OPERATING CONDITIONS
The real loads acting on the pulley drum are obtained from the dynamic analysis of its operation throughout the typical duty cycle (Wolny 2009a) . Since tower-type winding installations with pulley blocks are now in widespread use in Polish collieries, this analysis shall be con ned to a this type of hoisting installation, shown schematically in Figure 5 .
The physical system incorporates:
-low speed dc motor, -multi-rope pulley block with the diameter D and inertia moment I N -baf e wheel assembly -skips (conveyance) with mass q and loading capacity Q, -branches of parallel -arranged hoisting ropes with the density N and tensile rigidity A N E N Results of dynamic analyses (Wolny 2009a ) and measurements taken on a real object (Wolny 2009b) provide the backgrounds for deriving analytical formulas to compute the maximal and minimal loads transmitted from the hoisting ropes onto the drum in the winding gear.
Maximal loading of the drum
The maximal loads are transmitted from hoisting ropes onto the drum at the instant a full conveyance begins to be hoisted from the bottom level and are given as (Wolny 2009b) :
where: S St R -maximal static load transmitted from the rope onto the Koepe pulley in the start-up phase,
S. W , B. ENDURANCE ANALYSIS OF KOEPE PULLEYS WITH PERIPHERAL RIBS ; , a 1 -acceleration in the start-up chase, a N -velocity of elastic wave propagation in hoisting ropes, l N -hoisting rope length at the instant when the full conveyance begins to move upward from the bottom level.
Minimal loading of the drum
The minimal loads are transmitted from hoisting ropes onto the drum at the instant when the full conveyance approaching the station begins the braking phase and are given as (Wolny 2009b ):
where: S St H − static load transmitted from the hoisting ropes onto the Koepe pulley at the instant when the full conveyance begins to brake when approaching the top level.
l* -hoisting rope length from the Koepe pulley to the conveyance at the instant when the braking phase begins in the normal duty cycle.
ENDURANCE ANALYSIS
The endurance analysis of the Koepe pulley in the winding gear is performed to obtain full information about the state of stress experienced in structural elements of the Koepe pulley under the operational loads. Finding the extreme values of stress components acting in the given element becomes the basis for endurance and fatigue life assessment (the maximal admissible length of service). Information about the stress values and distribution will be utilised to identify those areas where fatigue cracking is likely to occur due to high stress levels and where regular non-destructive tests are recommendable.
In the context of the above considerations, the endurance analysis is performed of Koepe pulley components by numerical methods (Cichoci ski 2005) . The FEM approach is employed, supported by the 'FEMAP' and "NE/Nastran" programs and utilising the computational models of the drum composed of shell -type and solid elements to fully capture the geometry of the analysed structures.
Selected FEM results are shown in the form of contour plots of displacement and stress distributions in the drum model. The drum displacement is shown in Figure 6 and the plots of reduced stress H , derived in accordance with the Huber -Miseses hypothesis, are given in Figure 7 (for the mantle) and Figure 8 (the diaphragm and side disc). Computer simulations reveal that extreme stresses occur in the areas where fatigue cracks appear and propagate and the stress values registered in the drum regions fall in the range from 45 MPa to 70 MPa.
TENSOMETRIC MEASUREMENTS
Measurements of service stress and strain in a Koepe pulley operated in a colliery in Poland are taken by the tensometric method (Cichoci ski 2005) . The locations of sensors is shown in Figure 9 . Tensometric sensors 1,2 are used to measure peripheral stresses on the shelves of reinforcing rings, strain sensors 3, 4, 5, 6 measure the peripheral and Table 1 and compared with admissible stress levels for the given drum design and operating conditions as speci ed in the technical standard PN-B-03200:1990. Measurement data compiled in Table 1 reveal that the normative stress levels are vastly exceeded at all control points. 
DRUM RE-DESIGN
Results of FEM simulations and stress measurement data clearly indicate that fatigue cracking is caused by insufcient load-bearing capacity and rigidity of the drum mantle. Several solutions aimed to improve the drum mantle resistance are explored. Finally, the option is chosen where one of the two reinforcing rings should be removed and replaced by three carefully spaced rings of smaller cross-section, as shown in Figure 12 (Cichoci ski 2005) . Selected results of numerical simulations graphed as plots of reduced stress along the generating line of the mantle are shown in Figures 13 and 14 .
Numerical simulations data provides vital information about the stress and stress distribution in computational models. Radial displacements of the mantle in the re-designed drum is lower by 18.7%. Changes in registered stress levels are compiled in Table 2 . 
FINAL CONCLUSIONS
Results of fault detection tests, FEM analyses and strain measurements clearly indicate that fatigue cracking is caused by insuf cient load-bearing capacity and rigidity of the drum mantle. In order to improve the fatigue endurance of the Koepe pulleys, it is suggested that one of the existing reinforcing rings should be removed and replaced by three carefully spaced rings of smaller cross-section. Computer simulations of a re-designed drum reveal that radial displacements of the mantle are reduced by 18.7% and stress levels in the regions of the mantle decrease by 10.9-30.8%.
